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STARTING BURNER FOR A FUEL CELL
SYSTEM

RELATED APPLICATIONS

This application 1s a National Phase of PCT Patent
Application No. PC1/EP2018/053124 having International
filing date of Feb. 8, 2018, which claims the benefit of
priority of Austrian Patent Application Nos. A50108/2017
and A50109/2017, both filed on Feb. 9, 2017. The contents
of the above applications are all incorporated by reference as
if fully set forth herein in their entirety.

The present invention relates to a starting burner for a fuel
cell system, 1n particular a SOFC system, a fuel cell system
with a starting burner and a method for heating an operating,
fluid 1n a fuel cell system.

FIELD AND BACKGROUND OF TH
INVENTION

L1

In the state of the art different starting burners for diflerent

tuel cell systems are known. The DE 102 37 744 Al 1s a tuel
cell system with a starting burner which i1s installed 1n a
burner housing. In the burner housing, bypass air can flow
along the outside of the starting burner before 1t enters a
mixing zone together with hot gas leaving the starting
burner. In the mixing zone, the bypass air 1s mixed as
homogeneously as possible with the hot gas in order to
escape as a temperature-controlled hot gas flow and to heat
the fuel cell system. A temperature control can be performed
by appropriate dosing of the supplied bypass air and, if
necessary, additionally by suitable dosing of the air and the
tuel, for example hydrocarbon-containing fuel, which 1is
supplied to the starting burner. By guiding the bypass air
along the starting burner, the surroundings of the starting
burner can be protected from the heat generated in the
starting burner. Nevertheless, the starting burner 1s cooled by
the bypass air guidance described above and the patent
application i question does not provide any solution as to
how this problem could be taken into account.

DE 100 55 613 Al shows a starting burner 1n a fuel cell
system, whereby the starting burner 1s configured in the form
of a twin-tube burner. The two-pipe burner has two pipe
sections arranged concentrically to each other, 1.e. an 1nner
and an outer pipe section. A fuel mjector for mjecting tuel
into the mner pipe section 1s arranged upstream of the mner
pipe section. Inside the mner pipe section there 1s a spark
plug for 1gniting the fuel imjected by the fuel injector 1nto the
iner pipe section. A catalyst reactor may be located down-
stream of the mner pipe section. Thermal insulation of the
hot 1nner pipe section can be achieved by air flowing around
the 1nner pipe section. However, even with this system 1t 1s
problematic that the air supplied to the internal piping
system for combustion 1s relatively cold. A separate pre-
heating of the supplied air would entail corresponding
additional costs and a loss of efliciency with regard to the
operation of the starting burner or the fuel cell system.

SUMMARY OF THE

INVENTION

The object of the present invention 1s to remedy at least
in part the disadvantages described above. In particular, it 1s
the object of this mnvention to provide an improved starting,
burner for preheating a fuel cell system.

The preceding object 1s solved by the claims. In particular,
the foregoing object shall be solved by the starting burner
according to claim 1, the fuel cell system according to claim
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17 and the method according to claim 18. Further advan-
tages of the invention result from the dependent claims, the
description and the drawings. Features and details which are
described 1n connection with the starting burner naturally
also apply 1n connection with the inventive fuel cell system,
the inventive process and vice versa, so that with regard to
the disclosure of the individual aspects of the invention,
reference 1s or can always be made to each other.
According to a first aspect of the present invention, a

starting burner 1s provided for a fuel cell system, 1n particu-
lar for a SOFC system (SOFC stands for solid oxide fuel

cell). The starting burner has a catalyst with a catalyst inlet
and a catalyst outlet, whereby a catalyst area i1s formed
between the catalyst inlet and the catalyst outlet and the
catalyst area 1s surrounded by a catalyst wall in a passage
direction from the catalyst inlet to the catalyst outlet. The
starting burner further comprises an operating fluid gude
section for supplying an operating tluid to the catalyst inlet.
According to the mnvention, the operating fluid guide section
1s arranged outside the catalyst at least in sections along the
catalyst wall.

The operating fluid guide section 1s thus configured to
guide the operating fluid outside the catalyst along the
catalyst wall 1n the direction of the catalyst inlet. This
enables the direction of operating tluid, for example 1n the
form of air, along the catalyst wall or along an outer wall
section of the catalyst wall in the direction of the catalyst
inlet. This can form an advantageous thermal insulation
layer that protects the catalyst environment from the heat
generated 1n the catalyst. In addition, the catalyst can heat
the air guided along the catalyst wall. This heat 1s trans-
ported into the catalysts by the starting burner. This leads to
cllicient combustion in the catalyst. In the context of this
invention, 1t has been surprisingly found that heating the
operating fluid or air by the catalyst has no or hardly any
negative eflect on combustion in the catalyst. This means
that the advantages resulting from the fact that the heated
operating fluid 1s supplied to the catalyst clearly outweigh
the possible dlsadvantages which could result from the fact
that the catalyst 1s cooled by the passing operating fluid.
Accordingly, the operating fluid guide section can fulfill the
above-mentioned advantageous dual function in the starting
burner according to the invention.

By preheating the operating fluid upstream of the catalyst
in accordance with the invention, the catalyst can be oper-
ated with a particularly high degree of efliciency. The heat
output that can be generated by the catalyst 1s correspond-
ingly high.

By arranging the operating fluid guide section outside the
catalyst along the catalyst wall or on the side of the catalyst,
the starting burner can be made particularly compact. This 1s
particularly advantageous for mobile applications of the
starter burner, for example 1n the automotive sector.

The starting burner 1s understood to be in particular a
starting burner for heating an afterburner of the fuel cell
system, which 1n turn 1s provided for heating a reformer of
the fuel cell system. During a cold start of the fuel cell
system, when the afterburner 1s still cold and 1s therefore not
suitable for heating a reformer of the fuel cell system, the
alterburner can be preheated by the starting burner. As soon
as the afterburner i1s at operating temperature due to the
operation of the fuel cell system, the starting burner can be
deactivated.

Due to the catalyst used in the starting burner, additional
1gnition means, for example in the form of a spark plug, can
be dispensed with. This can save corresponding costs.
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The catalyst wall does not have to be directly adjacent to
the catalyst area. I.e., 1t 1s possible that at least a sectional
space 1s formed between the catalyst area and the catalyst
wall or an 1mner wall section of the catalyst wall.

The operating fluid guide section 1s preferably arranged
along an outer wall section of the catalyst wall. In this case,
the outer wall portion of the catalyst may be an nner wall
portion of the service fluid guide section. Nevertheless, it 1s
possible, according to the invention, that an outer wall
section of the operating tluid guide section 1s arranged at the
outer wall section of the catalyst wall or even at a slight
distance from the catalyst wall. Depending on the applica-
tion variant of the invented starting burner, its system
configuration allows 1t to be used or operated simultaneously
as an afterburner 1n a simple manner.

According to a further development of the present inven-
tion 1t 1s possible that the operating fluid guide section along
the catalyst wall defines a direction for the operating fluid,
whereby the guide direction runs at least in sections parallel
or at an acute angle and opposite to the passage direction.
This means that the operating tluid guide section 1s config-
ured to guide the operating fluid along and/or beside the
catalyst wall and in the direction of the catalyst inlet. This
enables eflicient warming up or preheating of the operating
flid 1n a compact configuration of the starting burner,
especially 1f the direction of tlow 1s parallel or essentially
parallel to the direction of passage. The operating tluid guide
section specifies the direction of the operating tluid, prefer-
ably along an outer wall section of the catalyst wall. The
operating fluid guide section 1s preferably configured from at
least one area at the catalyst outlet to an area at the catalyst
inlet along the catalyst wall. This means that the operating
fluid guide section 1s configured along the catalyst wall 1n
such a way that operating fluid can be guided 1n the area of
the catalyst outlet to the catalyst wall or an outer wall section
of the catalyst wall and from there along or beside catalyst
wall 1 the direction of the catalyst mlet. Accordingly, the
operating fluid guide section for the operating fluid specifies
a guide direction which runs outside the catalyst and along
the catalyst wall 1n the opposite direction or at least essen-
tially or partially opposite to the passage direction, in
particular from the area at the catalyst outlet to the area at the
catalyst inlet.

It may also be advantageous if, in the case of an 1nvented
starting burner, the catalyst wall 1s at least 1n sections 1n the
form of a hollow cylinder and the operating fluid guide
section 1s at least partially annular, at least 1n sections around
the catalyst wall. Due to the annular configuration of the
operating fluid guide section around the catalyst wall, as
soon as the operating flud 1s passed through the operating
fluid guide section, heat generation in the catalyst can be
ellectively shielded from the environment of the catalyst. In
addition, the annular configuration of the operating fluid
guide section can provide a large contact area or area
between the operating fluid guide section and the catalyst
wall. This allows the operating fluid to be heated over a
correspondingly large area when 1t 1s directed 1n the direc-
tion of the catalyst inlet. This enables effective pre-heating
of the operating fluid. The catalyst and the operating fluid
guide section are arranged concentrically or essentially
concentrically to each other, so to speak, at least 1n sections.
The ring shape 1s not limited to a circular ring shape. For
example, the operating fluid guide section can also be
clliptical or angularly annular around the catalyst wall or at
least partly around the catalyst wall. The partly ring-shaped
configuration can be understood as a U- or C-shaped con-
figuration of the operating fluid guide section.
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In addition, 1t 1s possible that, in the case of a starting
burner, according to the invention, the operating fluid guide
section 1s arranged at least in sections directly or essentially
directly on the catalyst wall or the catalyst wall 1s configured
as a separation wall between the operating fluid guide
section and the catalyst area. This makes the starting burner
particularly space saving. It the catalyst wall 1s configured as
a separation between the operating tfluid guide section and
the catalyst area, a wall section 1n the operating tluid guide
section may be omitted. This means that the starting burner
can not only be made available 1n a compact form, but also
with low weight and correspondingly low cost. In this case,
the working fluid guide section may be provided as part of
a housing body in which the catalyst 1s at least partially
located. A direct arrangement of the operating flmd guide
section on the catalyst wall in the present case can be
understood to mean that the operating fluid guide section
runs directly or essentially directly on or along the catalyst
wall.

In the context of this invention, 1t 1s also possible that the
operating fluid guide section of a starting burner has a tlow
cross-section for guiding the operating fluid, at least one
fluid guide element being configured within the flow cross-
section for defined flow influencing of the operating fluid 1n
the operating fluid guide section. Through targeted flow
control, it 1s possible to achieve a particularly homogeneous
and turbulence-iree or at least turbulence-reduced intlow of
the operating fluid into the catalyst or catalyst inlet.

In the case of an invented starting burner, a further
operating tluid, 1n particular a fuel, 1s 1njected into a mixing
chamber upstream of the catalyst inlet. The operating fluid
1s also fed into the mixing chamber, 1n particular 1n the form
of air or another fluid contaiming oxygen. The fluid guide
clements allow a turbulence-free or at least turbulence-
reduced inflow of the operating fluid into the mixing cham-
ber, thus enabling an advantageous mixing of the operating
fluid with the further operating fluid as well as a broad
inflow of the catalyst inlet. The tlow cross section 15 gen-
erally understood to be a free flow cross section, at least 1n
sections. The area of the flow cross-section in the area of the
at least one fluid guide element 1s thus reduced by the
corresponding cross-section of the fluid guide element. The
starting burner preferably has a base body which extend
outside the catalyst at least in sections in the longitudinal
direction of the catalyst wall, at a distance from 1t. The tlow
cross-section 1s preferably formed 1n an area between the
catalyst wall, in particular an outer wall section of the
catalyst wall, and an mnner wall section of the base body. It
1s also possible that the flow cross-section 1s only formed
within the base body. In this case, a wall section of the base
body 1s arranged adjacent to the catalyst wall or to the outer
wall section of the catalyst wall. The at least one fluid
guiding element 1s preferably rib-shaped, 1n particular plate-
shaped. This mvention has shown that this form leads to a
particularly advantageous influence on the flow of the oper-
ating tluid.

A further advantage may be 1f, in the case of a starting
burner, the fluid guide element on the catalyst wall 1s
configured, in particular as an integral part of the catalyst
wall. 1.e. the at least one fluid guide member 1s not provided
as a separate component adjacent to the catalyst and the
operating fluid guide section. This makes it particularly easy
to assemble the starting burner and disassemble it 1n the
event of a fault or repair. Since the at least one fluid guide
clement 1s an integral component of the catalyst wall, further
mounting parts for fasteming the at least one fluid guide
clement in the starting burner can be dispensed with. This




US 11,233,255 B2

S

can save corresponding costs. In addition, the reduction of
components leads to a correspondingly low logistical eflort.
This also leads to corresponding cost savings.

In the context of the present invention, it 1s also possible
that the at least one fluid guide element 1s configured as an
integral part of a base body, by means of which the operating
fluid guiding section 1s formed, 1n which the catalyst 1s at
least partially arranged and/or which surrounds the catalyst
at least 1n sections 1n an annular manner. By the fact that the
at least one fluid guide element 1s configured as an integral
component of the catalyst wall, it can be understood that the
fluid guide element 1s a monolithic component of the cata-
lyst or of the catalyst wall, respectively. The at least one flmid
guiding element can be produced together with the catalyst
wall as a monolithic casting. Alternatively, the at least one
fluid guide element can be connected to the catalyst wall 1n
a materially bonding manner. For example, at least one fluid
guide element can be attached to the catalyst wall via a weld
or adhesive seam.

In addition, it 1s possible that 1n a starting burner, accord-
ing to the invention, a perforated separation area 1s arranged
in an operating fluid flow direction between an end portion
of the operating fluid guide section and the catalyst inlet,
through which the operating fluid can be transterred from
the operating fluid guide section in the direction of the
catalyst.

The separating area enables a particularly homogeneous,
turbulence-iree or essentially turbulence-free inflow of the
operating fluid 1n the direction of the catalyst inlet. A mixing
chamber for mixing the operating fluild with a further
operating fluid 1s preferably arranged between the perforated
separating area and the catalyst inlet, wherein the operating
fluid can be transferred into the mixing chamber via or
through the perforated separating area. Accordingly, the
perforated separation area enables a particularly homoge-
neous, turbulence-iree or essentially turbulence-iree flow of
the operating fluid into the mixing chamber. This allows a
good mixing between the operating fluid, e.g. air, and the
other operating fluid, e.g. a fuel, to be achieved. In addition,
a broad mflow of the catalyst inlet or an inlet area at the
catalyst can be enabled.

According to further embodiments of the present inven-
tion, 1t 1s possible that the perforated separating section of a
starting burner 1s Ifunnel-shaped or essentially funnel-
shaped. Due to the funnel shape, the operating fluid, which
1s transierred through the operating fluid guide section
preferably around the catalyst at the catalyst wall along the
direction of the catalyst inlet, can be transferred through the
separation section 1n the direction of the catalyst inlet over
a relatively large area and avoiding unwanted turbulence. A
mixing chamber for mixing the operating tluid, e.g. air, with
a Turther operating fluid, e.g. fuel, 1s preferably provided at
least 1n sections within the funnel-shaped separating section.
In this case, the larger opening of the funnel-shaped sepa-
rating section 1s configured 1n the direction of the catalyst
inlet. The small orifice 1s configured in the direction of an
injector, which 1s arranged to inject turther operating flud
into the mixing chamber. In this case, the funnel-shaped
separating section 1s preferably configured to correspond to
an injection funnel of the additional operating fluid in the
direction of the catalyst inlet, or slightly larger than this.
This means that the available installation space in the
starting burner can be used particularly efliciently. The
tfunnel-shaped separating section 1s preferably arranged
coaxially to the catalyst or essentially coaxially to the
catalyst and axially upstream to the catalyst.
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Furthermore, 1t 1s possible that, in the case of a starting
burner, according to the mvention, the perforated separating
section adjoins an end section of the catalyst wall, the
catalyst wall 1n an area of the catalyst inlet having a larger
cross-section than the catalyst area, and the catalyst wall
extending from this area in the passage direction at least over
part of the catalyst area at a distance from the catalyst area.
This enables the operating fluid or a mixture of operating
fluids to penetrate not only 1nto an end face of the catalyst
or catalyst inlet, respectively, but also 1nto a lateral portion
of the catalyst area which i1s orthogonal or essentially
orthogonal to the end face of the catalyst. This means that a
large 1nlet area can be created for the operating fluid or a
mixture of operating fluids, making the catalyst particularly
ellective to operate.

Furthermore, 1t may be advantageous in the context of the
present invention 1f the operating fluid conducting section 1s
configured at least 1n sections as a component of a housing
body of the starting burner, the separating section being
configured as a component, 1 particular as an integral
and/or monolithic component of the housing body. Since the
operating fluid guide section and the separating section are
configured as integral or monolithic components of the
housing body, the starting burner can be made available 1n
a particularly compact and reliable manner. Few single parts
lead to a simple assembly or disassembly of the starting
burner, a low logistic expenditure as well as correspondingly
low costs with the production and maintenance of the
starting burner.

Furthermore, 1 the case of an starting burner, 1t 1s
possible for at least one injector which 1s configured for
injecting a further operating fluid mto a mixing chamber of
the starting burner upstream of the catalyst inlet to be
arranged, the mixing chamber being arranged and config-
ured for mixing the operating fluid with the further operating
fluid. The 1jector can be configured as any nozzle. The
arrangement of the mixing chamber upstream of the catalyst
allows a working fluid mixture to be produced which 1is
pre-heated by the heated working fluid before entering the
catalyst. This means that the catalyst can be operated at a
particularly high output. The operating tluid 1s preferably atr,
in particular from a compressor or ambient air. The other
operating fluid 1s preferably a fuel, in particular a hydrocar-
bon-containing tfluid such as methane or ethanol. Neverthe-
less, 1t 1s possible within the scope of the present mnvention
that the operating tluid 1s the fuel and the other operating
fluid 1s arr.

In the case of a starting burner, according to the invention
it may be advantageous 11 the mixing chamber has a deflect-
ing section configured to deflect a flow direction of the
operating flmd from the direction of flow to the passage
direction. The deflection section allows the operating fluid to
be deflected from the direction of flow to the passage
direction 1n a range between 150° and 210°, preferably 180°
or essenfially 180°.

The operating fluid can be directed advantageously 1n the
direction of the catalyst inlet through the deflection section.
The deflection section preferably has a curve section or a
spherical section through which the operating fluid can be
deflected 1n the direction of the catalyst inlet with as little
friction as possible. In the context of the present invention,
the deflection section may be at least partially formed at an
end section of the operating fluid gmide section and thus
betore and/or after the perforated separation section. This
means that the operating fluid can be directed advanta-
geously into the perforated separating section.
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It 1s also possible, in the case of a starting burner in
accordance with the mvention and upstream of the catalyst
inlet, 1n particular upstream of the catalyst inlet and down-
stream ol the mixing chamber, that a heating means, 1n
particular an electrical heating means, 1s arranged for heat-
ing an operating fluid mixture from the operating flmd and
the further operating fluid. The heating medium allows
turther preheating of the operating tluid or the operating
fluid maxture. This allows the catalyst to be operated par-
ticularly effectively and with a correspondingly high output.
The heating medium 1s preferably plate-shaped and 1is
located on one of the two large side surfaces on the catalyst
inlet. This means that the heating medium 1s arranged 1n the
starting burner 1n a particularly space-saving manner. Fur-
thermore, the heating medium 1itself may have a catalyst
function, for example by a catalyst coating of the heating
medium or by the heating medium having catalyst material,
or by the heating medium being formed of catalyst material
or essentially of catalyst matenial. By catalyst material 1s
meant 1n particular material for conveying and/or starting
catalyst combustion and/or temperature control in and/or on
the heating medium. When using a water-rich fuel such as an
cthanol-water mixture, the heating medium for the desired
heating operation 1s preferably dimensioned so large that the
heating power to be achieved can be achieved despite
condensation of water on the heating medium. If low-water
fuels such as pure ethanol or diesel are used, the heating
medium may be correspondingly small. Preferably the heat-
ing medium has the same or essentially the same cross-
section as an end face of the catalyst inlet. This means that
the heating medium extends, preferably in the form of a
plate, 1n particular over the entire end face of the catalyst or
catalyst inlet. In other words, one of the two side faces 1s
preferably congruent or essentially congruent with the front
tace of the catalyst. This means that the operating fluid or the
mixture of operating tluids can be preheated over as large an
area as possible to save space. The injector described above
1s preferably positioned 1n the middle of the projection or
essentially in the middle of the heating medium. This allows
the additional operating tluid to be applied as uniformly as
possible to the heating medium, allowing the additional
operating fluid or the operating fluid mixture to be heated
ciliciently. This 1n turn leads to eflicient combustion in the
catalyst. Since fuel, for example 1n the form of additional
operating fluid, 1s or can be introduced directly into the
mixing chamber upstream of the catalyst by the injector, it
1s possible to quickly stop the fuel supply and a correspond-
ing heat supply by the starting burner by switching off the
tuel supply.

Furthermore, 1n the case of a starting burner according to
the mvention at hand, the heating medium may be plate-
shaped or essentially plate-shaped. This allows the heating
medium to be arranged on the catalyst in a particularly
space-saving manner. The plate-shaped heating medium 1s
preferably positioned with one of 1ts two large side surfaces
at the catalyst inlet. Preferably the heating medium has the
same or essentially the same cross-section as an end face of
the catalyst inlet. This means that the heating medium
preferably extends at least over the entire end face or
essentially over the entire end face of the catalyst or catalyst
inlet. In other words, one of the two large side faces of the
heating medium 1s preferably congruent or essentially con-
gruent with the end face of the catalyst. This means that the
operating fluid or the mixture of operating fluids can be
preheated over as large an area as possible while still saving,
space.
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In the case of a starting burner, according to the invention,
it 1s also possible that only an upper side of the plate-shaped
heating medium, 1n particular an upper side of the plate-
shaped heating medium facing away from the catalyst inlet,
can be directly heated. Tests performed within the scope of
this 1nvention have shown that the operating fluid mixture
can be preheated sufliciently 1f 1t hits a heated surface of a
plate-shaped heating medium or 1s passed through 1t into the
catalyst. In addition, 1t has been shown that the heating of
one surface during the start-up process of the fuel cell
system also heats up the remaining heating medium suili-
ciently. Since only one surface or a single surface area of the
plate-shaped heating medium can be directly heated, only
this surface area can be directly heated, for example directly
energized, when the operating fluid mixture 1s preheated.
Compared to a case 1n which the entire heating medium 1s
heated directly, the starting burner can be operated more
energy-etliciently and correspondingly more efliciently and
cost-eflectively. In addition, energy-saving operation is par-
ticularly advantageous for mobile applications of the starting
burner, for example 1n the automotive sector.

A Tfurther advantage can be achieved 1f the heating
medium of a starting burner has an activation unit which can
be used to activate and deactivate heating operation of the
heating medium. This enables sequential operation or start-
up of the starting burner. The heating medium can 1nitially
be activated for heating or preheating the operating fluid
mixture until a defined operating temperature has been
reached 1n the starting burner or catalyst. As soon as the
defined operating temperature 1s reached, the heating
medium can be deactivated. This means that the starting
burner can be operated 1 a particularly energy-eflicient
manner with the above-mentioned advantages, thus increas-
ing the ethiciency of the entire fuel cell system.

According to another aspect of the present invention, a
fuel cell system 1s provided with a starting burner as
described 1n detaill above. The fuel cell system further
comprises an afterburner and a reformer, the afterburner
being arranged and configured for heating the reformer and
the starting burner for heating the afterburner. Thus, a fuel
cell system according to the invention has the same advan-
tages as those described 1n detail with regard to the starting
burner according to the invention. The fuel cell system 1s
preferably a SOFC system. The reformer 1s preferably
configured to reform a fuel mixture, for example ethanol and
water, ito another fuel mixture, in this case hydrogen and
carbon dioxide. The reformed hydrogen can be used 1n a fuel
cell stack to generate electricity. The afterburner 1s config-
ured to heat the reformer by means of anode exhaust gas
from the fuel cell stack. In the case of an advantageous
turther training of the present invention, 1t 1s possible that an
operating fluid supply section through which, for example,
air 1s supplied to the operating fluid guide section, 1is
arranged at least 1n sections along an outer wall section of
the operating fluid supply section. This enables a space-
saving manner to preheat the supplied operating tluid
already 1n the operating fluid guide section. In addition, a
further thermal 1nsulation section for the thermal shielding
of the starting burner can be created. To heat the reformer,
the afterburner 1s preferably arranged around the reformer in
a ring, at least 1n sections.

Another aspect of the present mvention concerns a pro-
cess for heating an operating fluid in a fuel cell system as
described above. In accordance with the invention, the
operating fluid 1s directed through the operating fluid guide
section outside the catalyst at least 1n sections along the
catalyst wall, 1n particular over the entire length of the
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catalyst wall, in the direction of the catalyst inlet. Thus, a
process 1n accordance with the invention also has the same
advantages as those described 1n detail above with regard to
the starting burner and the fuel cell system in accordance
with the invention. Furthermore, 1t 1s possible, in a method
in accordance with the invention, for the operating fluid to
be passed through the operating fluid guide section outside
the catalyst at least 1n sections along the catalyst wall 1n the
opposite direction to the passage direction to a heating
medium which 1s upstream of the catalyst inlet, 1n particular
directly or essentially directly at the catalyst inlet, and then
through the heating medium 1into the catalysis area. Here a
sequential operation or start-up of the starting burner 1s
possible. Thus, the heating medium can 1nitially be activated
for heating or preheating the operating fluid or the operating
fluid mixture until a defined operating temperature has been
reached 1n the starting burner or catalyst. As soon as the
defined operating temperature 1s reached, the heating
medium can be deactivated.

In the scope of the present invention, 1t 1s also possible
that the operating fluid mixture 1s transferred from the
mixing chamber to the heating medium and from there to the
catalyst. Furthermore, 1t 1s possible for the heating means to
be 1n communication connection with a temperature sensor
for determining a temperature in the fuel cell system, 1n
particular 1n an afterburner of the fuel cell system, a heating,
operation of the heating means being activated or deacti-
vated as a function of a defined temperature which 1s
determined by the temperature sensor 1n the fuel cell system
or 1n the afterburner. Accordingly, the heating medium 1s
only activated when it 1s required. This means that the

starting burner can be operated in a particularly energy-
cilicient manner.

Further measures to improve the invention result from the
following description of various embodiments of the inven-
tion, which are shown schematically 1in the figures. All
features and/or advantages resulting from the claims, the
description or the drawing, including constructive details
and spatial arrangements, may be essential to the mnvention
both for themselves and 1n the various combinations.

They show schematically 1n each case:

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 a block diagram for representing a fuel cell system
according to an embodiment according to the mvention,

FIG. 2 a starting burner in accordance with an initial
embodiment of the present invention,

FIG. 3 a starting burner in accordance with a second
embodiment of the present invention,

FIG. 4 a catalyst with fluid guiding elements and a heating,
medium according to an embodiment according to the
invention,

FIG. § a summary with a starting burner according to the
first embodiment, a reformer and an afterburner to explain a
possible function of the starting burner, and

FIG. 6 a block diagram to represent a fuel cell system
according to an alternative embodiment according to the
invention.

DESCRIPTION OF SPECIFIC EMBODIMENTS
OF THE INVENTION

Elements with the same tunction and mode of action have
the same reference signs in FIGS. 1 to 6.
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FIG. 1 shows a block diagram of a 1000q fuel cell system
with a 100q starting burner. The 10004 tuel cell system also
has an afterburner 200 and a reformer 300. The afterburner
200 1s arranged 1n a ring around the Reformer 300 to heat the
Reformer 300. The starting burner 100q 1s arranged and
configured for heating the afterburner 200 and thus for
indirect heating of the reformer 300. Accordingly, the start-
ing burner 100q 1s located upstream of the afterburner 200.

In FIG. 1 the starting burner 100a and the afterburner 200
are shown separately from each other. Within the scope of
the present invention 1t 1s also possible that the starting
burner 100a 1s configured as an integral unit the afterburner
200. This means that the fuel cell system 1000a can be made
even more compact. The fuel cell system 1000a according to
FIG. 1 1s configured as a SOFC system.

Downstream of the retormer 300 there 1s a fuel cell stack
400 with an anode area 410 and a cathode area 420. A fuel

mixture produced by the reformer 300 1s fed to the anode
arca 410. Anode exhaust gas 1s fed into the atfterburner 200,
where the Reformer 300 can be heated by burning the anode
exhaust gas. For combustion 1n the afterburner 200, 1t has an
alterburner catalyst 230 (see e.g. FIG. 5) 1n the form of an
oxidation catalyst. The burnt anode exhaust gas 1s led from
the reformer 300 to a heat exchanger 500. From there, the
exhaust gas 1s fed via an evaporator 600 1nto the vicinity of
the fuel cell system 1000a. The heat exchanger 500 supplies
420 heated air to the cathode area. Cathode exhaust gas 1s
also fed to the afterburner 200.

The starting burner 100q, the afterburner 200, the
reformer 300 and the evaporator 600 are located 1n the fuel
cell system 1000q 1n a so-called hotbox 700, 1n which a
compact heat transfer between the respective components
can be made possible. The related functions of starting
burner 100q, after burner 200 and reformer 300 are
described in detail later with reference to FIG. 5.

FIG. 2 shows a starting burner 100aq for the fuel cell
system 1000a shown 1n FIG. 1 1n detail. The starting burner
100a has a catalyst 10 with a catalyst inlet 11 and a catalyst
outlet 12, whereby a catalyst area 13 1s configured between
the catalyst inlet 11 and the catalyst outlet 12. The catalyst

area 13 1s surrounded by a catalyst wall 14 1n a passage
direction D from catalyst ilet 11 to catalyst outlet 12.

The starting burner 100aq further has an operating fluid
guide section 20 for supplying an operating fluid F1, as
shown 1n FIG. 2, 1n the form of air, to the catalyst mlet 11.
The operating tluid guide section 20 1s arranged outside the
catalyst 10 along the catalyst wall 14. To be more precise,
the operating fluid guide section 20 1s arranged and config-
ured along the catalyst wall 14 from an area at catalyst outlet
12 to an area at catalyst inlet 11.

The operating fluid guide section 20 defines a gwde
direction R for the operating fluid along the catalyst wall 14,
where the guide direction R 1s parallel and opposite to the
passage direction D. The operating fluid guide section 20
defines a direction R for the operating tluid along the catalyst
wall 14. The catalyst wall 14 1s 1n the form of a hollow
cylinder, more precisely in the form of a stepped wooden
cylinder. The operating fluid guide section 20 1s configured
as a ring around the catalyst wall 14.

In accordance with the embodiment shown 1n FIG. 2, the
operating flmd guide section 20 i1s arranged in sections
directly on the catalyst wall 14. To be more precise, the
catalyst wall 14 in the embodiment shown here 1s configured
as a separation wall between the operating fluid guide
section 20 and the catalyst area 13. FIG. 2 can in principle
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also be understood to mean that an outer wall section of the
catalyst wall 14 forms part of the operating fluid guide
section 20.

As further shown m FIG. 2, 1n a working fluid flow
direction between an end portion of the working fluid guide
section 20 and the catalyst inlet 11, a perforated separation
section 60 1s arranged through which the working fluid F1
can be transierred from the working fluid guide section 20
in the direction of the catalyst 10. The perforated separating
section 60 1s funnel-shaped. Perforated here means that the
separation section 60 1s configured with recesses, which are,
for example, regularly made 1n the form of holes or slots or
ol other types, also 1n diflerent combinations of different
variants.

In addition, as shown 1n FIG. 2, the perforated separation
portion 60 1s adjacent to an end face of the catalyst wall 14,
wherein the catalyst wall 14 1n an area of the catalyst inlet
11 has a larger cross-section or cross-section diameter than
the catalyst area 13, and the catalyst wall 14 extends from
said area 1n the passage direction D over a part of the catalyst
area 13 spaced from the catalyst area 13. Between an 1nner
wall section of the catalyst wall 14 and the catalyst area 13
there 1s therefore a free space. The operating fluid guide
section 20 and the perforated separation section 60 are
configured as a monolithic component of a housing body 70
of the starting burner 100aq.

The starting burner 100a shown has an 1njection element
or an injector 50 for injecting a further operating flmid F2,
cthanol, into a mixing chamber 80 of the starting burner
100a upstream of the catalyst imlet 11. In the mixing
chamber 80, the operating fluid F1 can be mixed with the
other operating fluid F2. The perforated separating section
60, which surrounds or essentially surrounds the mixing
chamber 80, 1s configured in the form of an 1njection funnel
of the turther operating fluid F2 or slightly larger than this.
The funnel-shaped separating section 60 1s coaxial with the
injector 30 or an injection nozzle of the injector 50.

The mixing chamber 80 has a detlecting section 81a for
deflecting a flow direction of the operating fluid F1 from the
guide direction R to the guide direction D. The mixing
chamber 80 has a deflecting section 81a for deflecting a tlow
direction of the operating fluid F1 from the guide direction
R to the guide direction D. The mixing chamber 80 has a
deflecting section 81a for deflecting a flow direction of the
operating fluid F1 from the guide direction R to the guide
direction D. The deflection section 81a partly overlaps with
the mixing chamber 80 according to FIG. 2.

The starting burner 100a according to FIG. 2 has a heating
medium 40 1n the form of a plate-shaped electrical heating,
medium 40 upstream of the catalyst inlet 11 and downstream
of the mixing chamber 80 for heating a working fluid
mixture from the working flmd F1 and the further working,
fluid F2. In the embodiment shown, the heating medium 40
has a round cross-section just like the catalyst 10 and 1s
arranged directly at the catalyst inlet 11. The heating
medium 40 can be activated to heat the fluid mixture. In the
event that preheating of the fluid mixture 1s no longer
required, heating medium 40 can be deactivated.

The operating fluid F1 1s supplied according to FIG. 2 by
an operating tluid guide section 30, which is arranged and
configured outside the operating fluid guide section 20 along
an outer wall surface of the operating fluid guide section 20.

FI1G. 3 shows a starting burner 1006 according to a second
embodiment. The second embodiment essentially corre-
sponds to the first embodiment. In order to avoid repetitions,
only distinguishing features between the first and second
embodiment are described below.
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Initially, the perforated separating section 60 was dis-
pensed with 1n accordance with the second embodiment.
This prevents a pressure loss that could be caused by the
separation section 60 in the starting burner 1006 or 1n the
fuel cell system 1000a. The deflection section 815 of this
embodiment has a curve section or a spherical section
through which the operating fluid F1 can be deflected 1n the
direction of the catalyst inlet 11 with particularly low
friction and the starting burner 1005 can be operated eflec-
tively accordingly. The operating flud guide section 30 1s
configured at a distance from the operating fluid guide
section 20. FIG. 3 also shows that within a free flow
cross-section of the operating fluid guide section 20, two
fluid guide elements 15 are configured to influence the tlow
of the operating fluid F1 1n a defined manner.

FIGS. 1 to 3 1illustrate a process for heating an F1
operating fluid 1n a fuel cell system 100aq. In the process,
working fluid F1 1s passed through the working fluid guide
section 20 outside the catalyst 10 section by section along
the catalyst wall 14 along the entire length of the catalyst
wall 14 1n the direction of the catalyst inlet 11. Specifically,
the operating fluid F1 in the operating fluid guide section 20
1s transierred from an area at catalyst outlet 12 to an area at
catalyst inlet 11 along the guide direction R, and thus
parallel and opposite to the passage direction D, along the
catalyst wall 14 and 1n the direction of catalyst inlet 11. In
the process, the operating fluid mixture 1s also passed from
the mixing chamber 80 to the heating medium 40 and from
there to the catalyst 10. Specifically, the first operating fluid
F1 1s passed through the operating fluid guide section 20
outside the catalyst 10 along the catalyst wall 14 along the
entire length of the catalyst wall 14 towards the catalyst inlet
11.

FIG. 4 shows a catalyst 10 with a catalyst ilet 11, a
catalyst outlet 12 and a catalyst wall 14. FIG. 4 also shows
a heating medium 40 arranged directly at the catalyst inlet
11. As can also be seen 1n FIG. 4, plate-shaped, linear fluid
guide elements 15 on the catalyst wall 14 are configured for
the defined tflow influence of an operating fluid F1. The fluid
guide elements 15 are connected to the catalyst wall 14 1n a
maternial-locking manner and protrude radially from 1t. The
fluid guide elements 15 extend in their longitudinal direction
parallel to the passage direction D. If such a catalyst 10 1s
used 1n a starting burner 100a or 1006 as shown in FIG. 2
or FI1G. 3, the fluid guide elements 15 are configured within
a flow cross-section or a free flow cross-section of the
operating fluid guide section 20.

FIG. 5 shows an overview with a starting burner 100a
arranged upstream of an afterburner 200, wherein the after-
burner 200 1s arranged annularly around a reformer 300. The
alterburner 200 has an afterburner inlet 210 and an after-
burner outlet 220. In addition, the afterburner 200 has an
alterburner catalyst 230, which in the present case 1s ring-
shaped. The reformer 300 has a reformer inlet 310 and a
reformer outlet 320. The reformer 300 also has a reformer
catalyst 330.

When the fuel cell system 1000q 1s started, operating tluid
F1 in the form of air 1s fed into the mixing chamber 80 via
the operating flmd guide section 20. In addition, another
operating fluid F2 1n the form of a fuel 1s ijected nto the
mixing chamber 80 through the 1njector 30. The operating
fluild muxture 1s heated by the heating medium 40 and
transierred to the catalyst 10 preheated accordingly. There,
the operating tluid mixture is at least partially incinerated.
Combusted fluid 1s fed from the catalyst 10 or the starting
burner 100a into the afterburner 200. There 1t can warm up
the reformer 300.
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A Tuel mixture from evaporator 600 1s fed to reformer 300
via reformer nlet 310. Using the reformer catalyst 330, the

tuel mixture can be converted 1nto a suitable anode feed gas,
such as hydrogen and carbon dioxide, as described above.
The anode supply gas 1s supplied to anode area 410 of fuel
cell stack 400 via reformer outlet 320. After a chemical
reaction 1n the fuel cell stack 400, anode exhaust gas and
cathode exhaust gas are fed to the afterburner 200 via the
afterburner inlet 210, which 1s burnt 1n the afterburner 200
by means of the afterburner catalyst 230. This combustion
can also heat the reformer 300. As shown in FIG. 5, the
heated flmds or exhaust gases of the fuel cell stack 400 are
ted together with the burned fluid from the starting burner
100a into the afterburner 200. For this purpose, a suitable
fluid connection section 800 1s configured between the
starting burner 100a and the afterburner 200. As soon as the
Reformer 300 has reached a defined operating temperature,
the starting burner 100a can be deactivated, 1.e. 1n this case
no fuel and no air will be introduced 1nto the starting burner
100a.

The heating medium 40 1s in communication connection
with a temperature sensor 240, which 1s arranged in the
afterburner 200. Heating operation of the heating medium
40 can therefore be activated or deactivated depending on a
defined temperature determined by the temperature sensor
240.

FIG. 6 shows a fuel cell system 100056 according to
another embodiment. As can be seen 1n FIG. 6, the starting
burner 1005 1s used simultaneously as afterburner 200. To be
more precise, the starting burner 1006 and the afterburner
200 are configured as a common, integral component in the
form of a burner. Depending on an operating condition of the
tuel cell system 10005, the burner 1s used as a starting burner
1006 or afterburner 200. According to FIG. 6, the starter
burner 1006 1s configured to catalyst burn liquid fuel in
particular, for which the starter burner 10056 comprises a
catalyst material. The 1006 starting burner 1s operated as
described above. Basically, the burner 1s configured accord-
ing to the imvention of the starting burner 100a. If the burner
assumes the function of an afterburner 200, it 1s supplied
with anode exhaust gas or fuel cell exhaust gas (anode
exhaust gas and cathode exhaust gas) 1n a second operating
fluid guide section 1n order to burn 1t completely. Since
cathode exhaust gas, in particular, 1s exclusively air, the
anode exhaust gas 1s burnt with the cathode exhaust gas 1n

the starting burner 1005, which operates as an afterburner
200.

The 100056 fuel cell system shown 1n FIG. 6 also has at
least one heat exchanger 900 and one evaporator 600 for
heating and evaporating fuel for the reformer 300. Another
heat exchanger 500 1s arranged 1n a cathode feed section. Air
1s supplied to the cathode section 420 via a cold side of this
heat exchanger 500. The air 1s heated via the completely
burnt fuel cell stack exhaust gas in the afterburner 200.
Downstream of the starting burner 10056 or afterburner 200,
the fuel cell stack exhaust gas stream 1s separated, part of
which 1s released into the environment via the heat
exchanger 500. The second part 1s also discharged 1nto the
environment via a warm side of the reformer 300, the heat
exchanger 900 and the evaporator 600.

REFERENCES

10 Catalyst

11 Catalyst nlet
12 Catalyst outlet
13 Catalysis area
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14 Catalyst wall

15 Fluid guide element

20 Operating flmd guide section
30 Operating fluid guide section
40 Heating means

50 Injector

60 Perforated separating area
70 Enclosure body

80 Mixing chamber

81a Deflection area

8156 Deflection area

100a Starting burner

1006 Starting burner

200 Afterburner

210 Afterburner inlet

220 Afterburner outlet

230 Afterburner catalyst

240 lemperature sensor

300 Reformer

310 Reformer mput

320 Reformer output

330 Reformer catalyst
400 Fuel cell stacks

410 Anode area

420 Cathode area

500 Heat exchanger

600 Evaporator

700 Hot box

800 Fluid connection section
900 Heat exchanger
1000a Fuel cell system
10005 Fuel cell system

D Passage direction

F1 Operating tluid

F2 Further operating tluid
R guide direction

What 1s claimed 1s:

1. A starting burner for a fuel cell system, comprising:

a catalyst having a catalyst inlet and a catalyst outlet, a

catalyst areca being formed between the catalyst inlet
and the catalyst outlet, and the catalyst area being
surrounded by a catalyst wall 1n a passage direction
from the catalyst inlet to the catalyst outlet,

an operating fluid guide section for supplying an operat-

ing fluid to the catalyst inlet,

wherein the operating fluid guide section 1s arranged

outside the catalyst at least 1n sections along the cata-
lyst wall, a detlection section formed at an end section
of the operating fluid guide section directing the oper-
ating fluid into a perforated separating section, through
which the operating fluid can be transferred from the
operating fluid guide section in the direction of the
catalyst, the perforated separation section being
arranged 1n an operating fluid tlow direction between
an end section of the operating fluid guide section and
the catalyst inlet and adjoining an end section of the
catalyst wall,

wherein the perforated separating section 1s funnel-

shaped and 1s configured with recesses regularly made
in the form of holes or slots or of other types.

2. The starting burner according to claim 1, wherein the
operating fluid guide section specifies a guide direction for
the operating fluid along the catalyst wall, the guide direc-
tion running at least in sections parallel or at an acute angle
and opposite to the passage direction.

3. The starting burner according to claim 1, wherein the
catalyst wall 1s configured at least 1n sections 1n the form of
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a hollow cylinder and the operating fluid guide section 1s
configured at least in part annularly, at least in sections
around the catalyst wall.

4. The starting burner according to claim 1, wherein the
operating fluid guide section 1s arranged at least 1n sections
directly or substantially directly on the catalyst wall, or the
catalyst wall 1s configured as a separation wall between the
operating fluid guide section and the catalyst area.

5. The starting burner according to claim 1, wherein the
operating fluid guide section has a flow cross-section for
guiding the operating tluid, at least one fluid guide element
being configured within the tlow cross-section for defined
flow influencing of the operating fluid 1n the operating fluid
guide section.

6. The starting burner according to claim 1, wherein at
least one fluid guide element 1s configured on the catalyst
wall.

7. The starting burner according to claim 1, wherein the
perforated separating section adjoins an end section of the
catalyst wall, the catalyst wall having a larger cross-section
than the catalyst area in an area of the catalyst inlet, and the
catalyst wall extending from this area in the passage direc-
tion at least over part of the catalyst area at a distance from
the catalyst area.

8. The starting burner according to claim 1, wherein the
operating fluid guide section 1s configured at least 1n sections
as a component of a housing body of the starting burner, the
perforated separating area being configured as a component
of the housing body.

9. The starting burner according to claim 1, wherein at
least one 1jector for injecting a further operating fluid into
a mixing chamber of the starting burner i1s arranged
upstream of the catalyst inlet, the mixing chamber being
arranged and configured for mixing the operating fluid with
the further operating fluid.

10. The starting burner according to claim 9, wherein the
mixing chamber has a deflection section for deflecting a flow
direction of the operating fluid from the guide direction 1n
the passage direction.

11. The starting burner according to claim 1, wherein 1n
that upstream of the catalyst inlet, there 1s arranged a heating,
means for heating an operating fluid mixture from the
operating fluid and the further operating fluid.

12. The starting burner according to claim 11, wherein the
heating means 1s plate-shaped or substantially plate-shaped.

13. The starting burner according to claim 1, wherein only
an upper side of the plate-shaped heating medium (can be
directly heated.

14. The starting burner according to claim 11, wherein the
heating means has an activation unit by means of which a
heating operation of the heating means can be activated and
deactivated.

15. A fuel cell system having a starting burner for a fuel
cell system, comprising

a catalyst having a catalyst inlet and a catalyst outlet, a

catalyst area being formed between the catalyst inlet
and the catalyst outlet, and the catalyst area being
surrounded by a catalyst wall 1n a passage direction
from the catalyst inlet to the catalyst outlet,

an operating fluid guide section for supplying an operat-

ing fluid to the catalyst inlet, wherein the operating
fluid guide section 1s arranged outside the catalyst at
least 1n sections along the catalyst wall,
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a deflection section formed at the end section of the
operating fluid guide section directing the operating
fluid 1nto a perforated separating section, through
which the operating fluid can be transferred from the
operating fluid guide section in the direction of the
catalyst,
the perforated separating section being arranged in an

operating fluid flow direction between an end section
of the operating fluid guide section and the catalyst
inlet and adjoining an end section of the catalyst
wall,
wherein the perforated separating section 1s funnel-
shaped and 1s configured with recesses regularly
made 1n the form of holes or slots or of other types,
turther comprising an afterburner and a reformer, wherein
the afterburner 1s arranged and configured for heating
the reformer and the starting burner 1s arranged and
configured for heating the afterburner.

16. A method for heating an operating fluid 1n a fuel cell
system having a starting burner for a fuel cell system,
comprising

a catalyst having a catalyst 1nlet and a catalyst outlet, a
catalyst area being formed between the catalyst inlet
and the catalyst outlet, and the catalyst area being
surrounded by a catalyst wall 1n a passage direction
from the catalyst inlet to the catalyst outlet,

an operating fluid guide section for supplying an operat-
ing fluid to the catalyst inlet, wherein the operating
fluid guide section 1s arranged outside the catalyst at
least 1n sections along the catalyst wall,

a deflection section formed at the end section of the
operating fluid guide section directing the operating
fluid 1nto a perforated separating section, through
which the operating flmd can be transferred from the
operating fluid guide section in the direction of the
catalyst,

the perforated separating section being arranged in an
operating fluid flow direction between an end section of
the operating fluid guide section and the catalyst inlet
and adjoining an end section of the catalyst wall,

wherein the perforated separating section 1s funnel-
shaped and 1s configured with recesses regularly made
in the form of holes or slots or of other types,

turther comprising an atfterburner and a reformer, wherein
the afterburner 1s arranged and configured for heating
the reformer and the starting burner 1s arranged and
configured for heating the afterburner, wherein the
operating fluid 1s transferred through the operating fluid
guide area (20) outside the catalyst at least 1n sections
along the catalyst wall 1n the direction of the catalyst
inlet.

17. A method according to claim 15, wherein the operat-
ing fluid mixture 1s transierred from a mixing chamber to the
heating means and from there to the catalyst.

18. A procedure according to claim 15, wherein the
heating means 1s 1n communication connection with a tem-
perature sensor for determining a temperature in the fuel cell
system, a heating operation of the heating means being
activated or deactivated as a function of a defined tempera-
ture which 1s determined by the temperature sensor in the
fuel cell system or in the afterburner.
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